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3DULV
 XQGHUJURXQG WUDQVLW V\VWHP 5HVXOWV VKRZ WKDW JRRG HVWLPDWHV RI G\QDPLF TXDQWLWLHV VXFK DV
SDVVHQJHUIORZFDQEHGHULYHGIURPFHOOXODUGDWD
7KHUHPDLQLQJRIWKHSDSHULVRUJDQL]HGLQIRXUVHFWLRQV7KHQH[WVHFWLRQSURYLGHVDVKRUW OLWHUDWXUH
UHYLHZ7KHVHFRQGVHFWLRQSUHVHQWV WKHXQGHUJURXQGSDUWRI WKH3DULV WUDQVLW V\VWHP WRJHWKHUZLWK WKH
RSHUDWLRQRIWKH2UDQJH*60QHWZRUNLQWKHVXEZD\7KHWKLUGVHFWLRQSUHVHQWVWKHVHWRIGDWDZHKDYH
XVHGDORQJZLWKVRPHVWDWLVWLFDODQDO\VLV,QWKHIRXUWKVHFWLRQWZR4R6LQGLFDWRUVDUHGHULYHGIURPWKH




4R6 LV PDLQO\ FRQFHUQHG ZLWK VFKHGXOH DGKHUHQFH +RZHYHU WUDQVSRUW DXWKRULWLHV DUH LQFUHDVLQJO\ LQ
GHPDQG RI LQGLFDWRUV WKDW UHIOHFW SDVVHQJHUV¶ ULGLQJ H[SHULHQFH )RU LQVWDQFH FRPIRUW GHOD\V
FRQYHQLHQFH DQG UHOLDELOLW\ DUH FULWHULD FLWHG LQ WKH 7UDQVLW &DSDFLW\ DQG 4XDOLW\ RI 6HUYLFH 0DQXDO
7&53 7UDGLWLRQDOO\4R6 LQGLFDWRUV DUH HODERUDWHG XVLQJ FRVWO\ DQG HUURUSURQHPHWKRGV OLNH





IRU JRRG WUDQVLW PDQDJHPHQW $9/ LV HDVLO\ DYDLODEOH IRU EXVHV ,Q WKLV FRQWH[W VRPH LQQRYDWLYH
PHDVXUHVRIVHUYLFHTXDOLW\(O*HQHLG\HWDODQGUHVSRQVLYHWUDQVLWPDQDJHPHQW)HQJHWDO
KDYHEHHQVXFFHVVIXOO\DSSOLHG4R6LQGLFHVFDQDOVREHGHULYHGIURP$)&GDWD5HGG\HWDOIRU
LQVWDQFHGHVFULEHPHWKRGVUHFRQVWLWXWLQJ WULSV IURPVPDUWFDUGYDOLGDWLRQVEXWPDQ\ LVVXHVUHPDLQ WKH
SUHFLVLRQ LV ORZ ZLWK UHVXOWV YDU\LQJ JUHDWO\ DFFRUGLQJ WR GD\ RI WKH ZHHN IRU XQNQRZQ UHDVRQV






WKHQ REWDLQHG IURP WHOHSKRQH FRPSDQLHV 0DQ\ H[SHULPHQWV KDYH EHHQ FDUULHG RXW WKDW LQWURGXFH
GLIIHUHQW WHFKQLTXHVZLWK GLIIHUHQW SUHFLVLRQV DQG GLIIHUHQW DLPV )ULHGULFK HW DO  FRQVWUXFWV2'
PDWULFHVIURPGLVDJJUHJDWHGSKRQHGDWDWKDWWDNHVERWKSULYDWHYHKLFOHDQGWUDQVLWLQWRDFFRXQW:DQJHW
DOLQIHUVPRGHFKRLFHIURPDJJUHJDWHGGDWDE\FOXVWHULQJDFFRUGLQJWRVSHHG0DQ\RWKHUVWU\WR
PRQLWRU WUDIILF RQ D VSHFLILF VHFWLRQ RI WKH URDG QHWZRUN IRU PRUH GHWDLOV RQ WKH GLIIHUHQW SRVVLEOH
WHFKQRORJLHVDQGDVXPPDU\RISDVWH[SHULPHQWVVHH9DOHULR
+RZHYHUWRWKHEHVWRIWKHDXWKRUV¶NQRZOHGJHWKHUHLVQRZRUNGHVFULELQJWKHXVHRIPRELOHSKRQH
GDWD WR VWXG\ WUDQVLW URXWHV DQG HYDOXDWH WKH4R6 RI WKHVH URXWHV7KLV FRXOG FRPH IURP WZR WHFKQLFDO
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)LJ7KH5(5$LVWKHPRVWWUDIILFNHGOLQHRIWKH3DULVWUDQVLWQHWZRUNZLWKPRUH WKDQRQHPLOOLRQ
SDVVHQJHUVGXULQJDQDYHUDJHZRUNLQJGD\7KH OLQHKDV WZREUDQFKHV LQ LWVHDVWSDUW $DQG$DQG
WKUHHEUDQFKHVLQLWVZHVWSDUW$$DQG$7KHDUFEHWZHHQ&KkWHOHWDQG$XEHULVWKHPRVWKHDYLO\
ORDGHGZLWKDQHVWLPDWHGSDVVHQJHUVSHUKRXUDQGSHUGLUHFWLRQGXULQJSHDNKRXUV7KHWDUJHWHG










YDULHV IURP D FRXSOH RI KXQGUHG PHWHUV WR WHQV RI NLORPHWHUV $ PRELOH GHYLFH IUHTXHQWO\ H[FKDQJHV
LQIRUPDWLRQZLWKWKHFORVHVWDQWHQQDVWRNHHSFRQQHFWHGWRD%76:KLOHWKHGHYLFHPRYHVWKH%76LWLV
FRQQHFWHGWRPD\FKDQJH%76DUHJURXSHGWRJHWKHUDQGFRQWUROOHGE\D%DVH6WDWLRQ&RQWUROOHU%6&










/$8 HYHQWV DUH UHODWHG WR WKH /$ XSGDWH SURFHGXUH WKDW PDNHV WKH QHWZRUN LQIRUPHG RI PRELOHV¶
ORFDWLRQV0RELOHVDUHUHVSRQVLEOHIRUGHWHFWLQJ/$FRGHV:KHQDPRELOHILQGVWKDWWKH/$FRGHGLIIHUV
IURP LWV ODVW XSGDWH LW VHQGV D /$81 HYHQW $OVR HDFK PRELOH UHJXODUO\ UHSRUWV LWV ORFDWLRQ E\






















6XUIDFH DQWHQQDV FDQ QRW FRPPXQLFDWH ZLWKPRELOHV ORFDWHG XQGHUJURXQG+HQFH WKH XQGHUJURXQG
RSHUDWLRQ RI D *60 QHWZRUN UHTXLUHV GHGLFDWHG DQWHQQDV ,QGRRU DQWHQQDV DUH XVHG LQ XQGHUJURXQG
VWDWLRQV'HGLFDWHGGHYLFHVVXFKDVUDGLDWLQJFDEOHVRUZDYHJXLGHVDUHXVHGLQWXQQHOV7KH2UDQJH*60
QHWZRUNLQWKH3DULVVXEZD\LVVXFKWKDWDOO WXQQHODQWHQQDVEHORQJWRDXQLTXHGHGLFDWHG/$²ZKLFK
ZLOO EH QDPHG KHUHDIWHU ³WKH XQGHUJURXQG /$´² ZKLOH PRVW RI WKH LQGRRU DQWHQQDV LQ XQGHUJURXQG
VWDWLRQV EHORQJ WR DQ DERYHJURXQG /$ 'XULQJ D WULS LQ WKH VXEZD\ D VZLWFKHG RQ PRELOH PD\ HPLW
VHYHUDO VLJQDOLQJHYHQWV LQFOXGLQJ/$81HYHQWV VHH)LJ7KH/$81HYHQWV UHFRUGHG LQ WKH06&
GDWDEDVH RI WKH XQGHUJURXQG /$ DUH WKRVH HPLWWHG DIWHU KDYLQJ HQWHUHG WKH XQGHUJURXQG /$ ZKHQ
FRPLQJ IURP RQH RI WKH DERYHJURXQG /$ 6LQFH DQWHQQDV LQ XQGHUJURXQG VWDWLRQV DUH FRQQHFWHG WR









RQ$SULOWK ,QZKDW IROORZVZHZLOO FRQVLGHURQO\/$81HYHQWV UHFRUGHGDWXQGHUJURXQG%76
ORFDWHG DW VWDWLRQV9LQFHQQHV1DWLRQ*DUHGH/\RQ&KkWHOHW$XEHU DQG&KDUOHV GH*DXOOH(WRLOH ,Q
HVVHQFH WKLV GDWDVHW² OHW GHQRWH LW/²FRQWDLQV PKV WULSOHVZKHUHP LV WKH XQLTXH LGHQWLILHU RI D
PRELOHGHYLFHKLVDQLQVWDQWFRXQWHGDVWKHQXPEHURIPLOOLVHFRQGVHODSVHGIURPPLGQLJKWDQGVLVD
VWDWLRQ 7KH VHW/ FRQWDLQV DERXW PLOOLRQ UHFRUGV DQG DURXQG  GLVWLQFWPRELOH LGHQWLILHUV
+HQFHHDFKGHYLFHLVVSRWWHGWLPHVRQDYHUDJHRIWKHSKRQHVDUHVSRWWHGRQO\RQFHRIWKH
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GHYLFHVDUHVSRWWHGWLPHVRUOHVVDQGDUHVSRWWHGWLPHVRUPRUH%HVLGHVPRELOHSKRQHGDWDZH
DOVRSURFHHGHGWKHVDPHGD\$SULOWRVRPHILHOGREVHUYDWLRQV%HWZHHQDPDQGDP




SDVVHQJHUGHQVLW\SHU WUDLQDVD4R6LQGLFDWRU LQVHFWLRQ7KH OHYHORIRFFXSDQF\ZDVHVWLPDWHGRQD
TXDOLWDWLYH VFDOH 7KH SXUSRVH ZDV WR GLVWLQJXLVK EHWZHHQ RYHUFURZGHG WUDLQV DQG WKH RWKHUV 7KH
PHDVXUHG WUDLQ WUDMHFWRULHV DUH SORWWHG LQ WKH WLPHVSDFH GLDJUDPRI )LJ  IRU D GHSDUWXUH WLPH LQ WKH



















RIPRELOH SKRQHVZLWK D/$81HYHQW UHFRUGHG LQ HYHU\ VWDWLRQ EHWZHHQ9LQFHQQHV DQG&GJ(WRLOH LV
TXLWH ORZ DURXQG  7KLV LV IDU EHORZ WKH QXPEHU RI GLVWLQFW PRELOH LGHQWLILHUV VSRWWHG ILUVW DW







SHDN WKDW VSUHDGVEHWZHHQSP DQGSP7KH IORZRI/$81HYHQWV LQ&KkWHOHW ORRNV DV LI D
FDSDFLW\ERXQGKDVEHHQUHDFKHGGXULQJWKHSHDNKRXUVDWDURXQGHYHQWVSHUKRXU)URPWKHGDWD




1DWLRQ ,QQRQHRI WKH VWDWLRQVEHWZHHQ9LQFHQQHVDQG&GJ(WRLOH WKHSDVVHQJHU IORZFRXQWHG LQERWK
(:DQG:(GLUHFWLRQV FDQ H[FHHG  SDVVHQJHUV SHU KRXU+HQFHZH FDQ HVWLPDWH WR  WKH
ORZHUERXQGRIWKHUDWLREHWZHHQWKHQXPEHURI/$81HYHQWVDQGWKHQXPEHURISDVVHQJHUVLQWUDLQVLQ
WKHYLFLQLW\RIXQGHUJURXQGVWDWLRQV$JDLQ WKLV UDWLRYDULHV IURPRQHVWDWLRQ WR WKHRWKHU ,Q)LJ WKH
IORZRI/$81HYHQWVDW9LQFHQQHVLVDSSUR[LPDWHO\WLPHVKLJKHUWKDQWKHRQHDW&GJ(WRLOHZKLOHWKH
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,QWHUVWDWLRQGLVWULEXWLRQ
)LJDDQG)LJEZHUHGUDZQIRUWKH9LQFHQQHVDQG1DWLRQ5(5VWDWLRQVZKLFKDUHFRQWLJXRXV2Q
WKHVH JUDSKV DOO WKH PRELOH SKRQHV ZKLFK KDYH EHHQ VSRWWHG DW ERWK VWDWLRQV GXULQJ WKH GD\ DUH
UHSUHVHQWHG E\ D GRW 7KH DEVFLVVD RI D GRW LV WKH WLPH DW ZKLFK WKH PRELOH SKRQH ZDV ORFDWHG DW
9LQFHQQHV,WVRUGLQDWHLVWKHWLPHDWZKLFKLWZDVORFDWHGDW1DWLRQ,QRWKHUZRUGVDGRW   KK DSSHDUV
LQ WKH JUDSK LII WKHUH H[LVWV   OO LQ //u VXFK WKDW   OPOP     KOK    KOK  
9LQFHQQHVOV     1DWLRQOV     7KH GRWV DERYH WKH GLDJRQDO DUH PRELOH SKRQHV PRYLQJ (DVW:HVW
IURP 9LQFHQQHV WR 1DWLRQ 7KH GRWV EHORZ WKH GLDJRQDO DUH PRELOH SKRQHV PRYLQJ :HVW(DVW IURP
1DWLRQWR9LQFHQQHV7KHSORWRQWKHOHIWKDQGVLGHLVIRULQVWDQWVLQWKHUDQJH>DPSP@7KHSORWRQ
WKHULJKWKDQGVLGHIRFXVHVRQWKHUDQJH>DPDP@6RPHSDWWHUQVDUHZRUWKWREHQRWLFHG,Q)LJD
WZR ODUJHDQGGLIIXVHFORXGVDSSHDU2QH LV ORFDWHG WRS OHIW WKHRWKHU LV ORFDWHGERWWRPULJKW7KHILUVW
FRUUHVSRQG WRPRELOH SKRQHV WKDW KDYH EHHQ VSRWWHG GXULQJ WKHPRUQLQJ DW9LQFHQQHV DQG GXULQJ WKH
HYHQLQJDW1DWLRQ7KHVHFRQGFRUUHVSRQGWRPRELOHSKRQHVVSRWWHGLQWKHPRUQLQJDW1DWLRQDQGLQWKH
HYHQLQJDW9LQFHQQHV ,QRWKHUZRUGV WKH\FRUUHVSRQG WRFRPPXWLQJ WULSVEHWZHHQ WKRVH WZRVWDWLRQV
$OVR LQ )LJ D D ODUJH QXPEHU RI GRWV DUH FORVH WR WKH GLDJRQDO 7KH DVVRFLDWHG PRELOHV KDYH EHHQ




VHH WKH VWURQJ FRUUHODWLRQ EHWZHHQ WUDLQV DQG VWHSV LQ WKH XSSHUGLDJRQDO FORXG RI GRWV:KDWHYHU WKH
FRXSOHRIVWDWLRQVRQHFRQVLGHUVWKHJHQHUDODVSHFWRIWKRVHSORWVUHPDLQVXQFKDQJHG7KH\GLIIHUE\L








JLYHQSDLURIVXFFHVVLYHVWDWLRQV LLL WKLV UDWLRPD\YDU\ VLJQLILFDQWO\EHWZHHQ WZRSDLUVRIVXFFHVVLYH
VWDWLRQV8QGHU WKRVH DVVXPSWLRQVZH KDYH FRPSXWHG IRU DOO WKH SDLUV RI VXFFHVVLYH VWDWLRQV EHWZHHQ
9LQFHQQHV DQG &GJ(WRLOH WKH YDULDWLRQV RI WKH QXPEHU RI PRELOH SKRQHV SHU WUDLQ IRU DOO WUDLQ








SDVVHQJHUV LV EHORZ WKH QXPEHU RI VHDWV LQ WKH WUDLQ %ODFN LQGLFDWHV WKDW WKH HVWLPDWHG QXPEHU RI
SDVVHQJHUVH[FHHGVRIWKHWUDLQ¶VWRWDOFDSDFLW\
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3DVVHQJHUGHOD\
$VH[SRVHGLQVHFWLRQWKHWUDYHOWLPHEHWZHHQDQ\SDLURIVWDWLRQVFDQEHHVWLPDWHGIURPWKHGDWDVHW
/7KHGLIIHUHQFHEHWZHHQ WKLVHVWLPDWHG WUDYHO WLPHDQG WKHSODQQHG WUDYHO WLPH WDNHQ IURPSXEOLVKHG
WLPHWDEOHVGHILQHVWKHHVWLPDWHGGHOD\7KHHVWLPDWHGGHOD\EHWZHHQ9LQFHQQHVDQG&GJ(WRLOHLVSORWWHG
LQ)LJDVDIXQFWLRQRIWKHGHSDUWXUHLQVWDQWDQGLQERWKGLUHFWLRQV7KHUHGUHVSSXUSOHFXUYHLVWKH
HVWLPDWHG GHOD\ EHWZHHQ 9LQFHQQHV DQG &G*(WRLOH UHVS &GJ(WRLOH DQG 9LQFHQQHV )RU D JLYHQ
GHSDUWXUH LQVWDQW WKH HVWLPDWHG GHOD\PXOWLSOLHG E\ WKH HVWLPDWHG SDVVHQJHU IORZ LV DQ HVWLPDWH RI WKH
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&RQFOXVLRQ
7KHPHWKRGV LQWURGXFHG LQ WKLV SDSHU VKRZ WKH SRWHQWLDO RI PRELOH SKRQH GDWD WR HVWLPDWH 4R6 LQ
WUDQVLW 6RPH SRLQWV DUH ZRUWK QRWLFLQJ )LUVW PRELOH SKRQH GDWD DUH SURGXFHG ZLWKRXW UHTXLULQJ DQ\
LQWHUYHQWLRQIURPWKHWUDQVLWRSHUDWRUVLGH,QVRPHFDVHVZKHUHWKHH[LVWLQJ4R6LQGLFDWRUVDUHDERQHRI
FRQWHQWLRQ EHWZHHQ WKH RSHUDWRU DQG WKH XVHUV WUDQVSRUW DXWKRULWLHV FRXOG EHQHILW IURP KDYLQJ DW WKHLU
GLVSRVDODOWHUQDWLYHPHDQVWRHVWLPDWHWKH4R66HFRQGZKHQFRPSDUHGWR$)&GDWDPRELOHGHYLFHVDUH
VSRWWHGDOO WKHZD\GXULQJ WKHLU MRXUQH\ZKLOH$)&RQO\ UHJLVWHUHQWUDQFHV DQGVRPHWLPHV WKHH[LWV
8VLQJPRELOHSKRQHGDWDERWKWKHVXSSO\DQGWKHGHPDQGVLGHFDQEHVWXGLHGVLPXOWDQHRXVO\ZKLOHXS
XQWLOQRZ$)&KDVRQO\EHHQXVHWRHVWLPDWH4R6IURPWKHXVHU¶VSRLQWRIYLHZ7KLUGWKHSHQHWUDWLRQRI
PRELOH SKRQHV DPRQJ WKH SRSXODWLRQ LV NQRZQ +RZHYHU LW SUREDEO\ GHSHQGV RQ YDULDEOHV WKDW DUH
FRUUHODWHGZLWKSODFHRIZRUNDQG UHVLGHQFH0RUHRYHU WKHPDUNHW VKDUHRIRQHSKRQHFRPSDQ\ KHUH
2UDQJHPD\DOVRGHSHQGRQVRPHXQREVHUYHGIDFWRUV7KXVDOWKRXJKLWKDVEHHQVHHQLQWKHSDSHUWKDWD
VLJQLILFDQWSHUFHQWDJHRIWUDQVLWXVHUVDUHVSRWWHGE\WKHSKRQHQHWZRUNVRPHKDUGWRHVWLPDWHELDVPD\
SHUVLVW
5HIHUHQFHV
%HUWLQL5/	(O*HQHLG\$0*HQHUDWLQJWUDQVLWSHUIRUPDQFHPHDVXUHVZLWKDUFKLYHGGDWD
7UDQVSRUWDWLRQ5HVHDUFK5HFRUG
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